UNCLASSIFIED 
AD  NUMBER 


AD499509 

CLASSIFICATION  CHANGES 

TO: 

unclassified 

FROM: 

confidential 

LIMITATION  CHANGES 

TO: 

Approved  for  public  release,  distribution 
unlimited 


FROM: 

Distribution  authorized  to  DoD  only; 
Administrative/Operational  Use;  07  APR 
1952.  Other  requests  shall  be  referred  to 
Naval  Proving  Ground,  Dahlgren,  VA. 
Pre-dates  formal  DoD  distribution 
statements.  Treat  as  DoD  only. 

AUTHORITY 

USNSWC  ltr  dtd  14  Aug  1975;  USNSWC  ltr  dtd 
14  Aug  1975 


THIS  PAGE  IS  UNCLASSIFIED 


THIS  REPORT  HAS  BEEN  DELIMITED 
AND  CLEARED  FOR  PUBLIC  RELEASE 
UNDER  DOD  DIRECTIVE  5200,20  AND 
NO  RESTRICTIONS  ARE  IMPOSED  UPON 
ITS  USE  AND  DISCLOSURE, 

DISTRIBUTION  STATEMENT  A 

APPROVED  FOR  PUBLIC  RELEASE; 
DISTRIBUTION  UNLIMITED, 


AD49950 


n  / 


rXV 


U  S  NAVAL  PROVING  GROUND 
'  DAHLGREN,  VIRGINIA 


REPORT  NO  956 


WARHEADS  FOR  AIR  TARGET  GUIDED  MISSILES; 
TESTING  OF 


41  #t  Partial  Report 


INVESTMENT  CAST  STEEL  TUBE 
FOR  AIR  TARGET  GUIDED  MISSILES; 
FRAGMENTATION  TEST  OF 


FINAL  Report 


Task 

Assignment  NPQ  -  Re3  f - 607- 1-52 


*&&!**** 


NPG  REPORT  NO.  956 


U.  S.  NAVAL  PROVING  GROUND 
DAHLGREN,  VIRGINIA 


.  j'H 


tekBce'd^we*1 

‘  :V  OF  COf.t'.nEoS 


99.W- 


Fortv-first  Partial  Report 
on 


Warheads  for  Air  Target  Guided  Missiles;  Testing^ofi  * 


cr. 


\ r: ' 
1 1 1 

H' 


, '  < 

U'-' 


Final  Report 
on 

Investment  Cast  Steel  Tube  for  Air 
Target  Guided  Missiles;  Fragmentation  Test  of 


Is 


f 

/ 


1  i 

■  x: 


Project  No. i  NPG ~Re3f -607-1-52 
Copy  No.j  13 


Date*  APR  l  I  -ju/„ 


wmMmnm 


%.z.LM  G  hi*. 

iSSi  Pcs. 

3.08  _ Sins, 

I'A-ZL'/z  Gms. 
1 341  Pcs. 
S.%.  ,_J5jb& 
2  /z~  5  G  his. 
,2/7  Pcs. 
-J3Z..  G  ms. 
5  10  G  ms. 
/74  Pcs. 
_//*£_  G  ms, 
10-20  G  ms. 
12.4-  Pcs. 
JSOt)  G  ms. 
20-40  G  ms. 

4  7  Pcs. 
.  /i^S2  Gms. 
40~  80  Gms. 

7  Pcs. 

.  330  Gms. 


*  *  *  - 
*  »  •.  4 


W  \  <  *  * 


*  1  .V'  !  *  *  >  n  V!*  - 


W.fi?  44W 


*  »ia  •  »  •  *  * 
*  •  *>  "'4*  •  •  » 


. **  ?•  ^£>  jf  ^  e?**  rf  'T?  f*  4^.21  ca  «N»» 

■  •**"%«»’ 9  <5  4ft  9  €»  «J>  <9  6  <}+*•&  tajs>&,  s» -C3 © •»*  C»p» 

:.  **b  <••  W  «d*te  42»  ^S*  &  f*.  afi?>  <&  ?s»5  <§  sr*  5»  <>,  «c*  so 

.w*25  jp*  ^SP*  _<S*  <£,  WP  <S>  fe) 

<•»  I;®  *<£►  **3?  <£»^aa  *83  <ft  <SO  AE^I  ^  /sa>  «S3  <§>  C35 


aillSESBUBg 

SCALE  /  * 


<§>  GS 


i  NP9-46934 


.CONFIDENTIAL 
SECURITY  INFORMATION 
t»r.. wall  -thickness^  and.9!&5  .Idng; 


4  DECEMBER. 1951 


'.  ‘^Investment  Cast  Steel  .Jute  Warhead,  Composition  .0-3  loaded 
'  *  ’  Figure*  2 


Investment  Cast  Steel  Tube  for  Air 
Target  Guided  Missiles;  Fragmentation  Test  of 


<o 

10 

Vt 


i 


o 

•p 

o  •>  o 

-C  O  CL, 
CL.  te  ta 


fcu  •  W| 

£|£«§l 


&ma\ 


o 

s  g  . 

i  3  •  w 

o  u  a  b 

cm  o  Sr  o 


o 

O  w 

CM  S  • 

I  3  •  UJ 
O  U  tP  g 

h  o  ^  <3 


w  WJ 


►J  co  a 

E-.  CQ  <; 

co  <; 
io  o2 

Eh  CU  Cc, 

co  ta 
<c  a  Q 
o  sa  &i 
R  a 
£-*  co  re 
sr.  fc:  > 
a  w  o 

Raw 
co  <  « 
a  m  _ 
P  o  ft. 

sg° 

CO  Eh 

fe  ^ 
o  _  o 

2HS 
M  3 
e-j  a  q 


ic.'&teJ 


©  •  w 

cfe  ^  J 


CO  05  •  W 


1  Ih  tP  £3 

o  cs  fee 


•H  a 
a  &  >h 


a 

g  •  ® 

O  *P  .O 
O  *E  rH 


I 

I 


CONFIDENTIAL 
SECURITY  INFORMATION 


NPG  REPORT  NO.  956 


DISTRIBUTION 


Bureau  of  Ordnance: 


Ad3  1 

Re2  1 

Re3  2 

Re3f  5 

Chief  of  Ordnance 
Department  of  the  Army 

Attn:  ORDTX-aR  2 

Navy  Research  Section 
Library  of  Congress 
Washington  25,  D.  C. 

(Via  BUORD  Re3)  2 


Commanding  General 
Aberdeen  Proving  Ground 
Aberdeen,  Maryland 

Attn:  Technical  Information  Section 


Development  and  Proof  Services  1 

Commander,  Operational  Development  Force 
U.  S'.  Atlantic  Fleet,  U,  S,  Naval  Base 

Norfolk  11,  Virginia  1 

Naval  Ordnance  Laboratory  1 

Naval  Ordnance  Laboratory 

Attn:  Explosives  Division  1 

Attn:  Mr.  K.  W.  Semon  1 


Picatinn'T  Arsonal,  Dover,  N.  J. 
Attn:  Technical  Division 


Reports  Office 

aPL/JKU,  Silver  Spring,  Maryland 


APL/JLU,  Silver  Spiing, 
Attn:  Mr.  H.  S.  Morton 


1/ J) 

iuiU 


(Via  INSORD,  Silver  Spring,  Md.) 


r.  , 


1 

1 

1 

APPENDIX  C 


npg  REPORT  NO.  956 


Investment  csst  ite^  Tube  for^irogt  of 

Target  Guided  Missiles,  J*^ _ _ ■ 

gl^BlBOTION  iContiB^oai 
Bureau  of  Ordnance  Technical  Liaison  Office 

Bell  Telephone  Laboratories 

Vfhippanv ,  Kev-  Jersey 
1! SNOT 6;  Invokern,  China  Lake*  Calif 
Inst,  for  Cooperative  Research 

JKU/1315  5i‘.p;uLief  Phila.  Ord  District 
Via$  (District  Chiel, /niJJila  2,  Pa. 

1500  Chestnut  Ph  s) 

Attni  Mr.  Edward  R.  C.  Niles; 

s^SioRjSu^fDsarns 

“a  ™hnolosv 

Socorro,  New  Mexico 

Boeing  Airplane  Company 
Seattle  Division 
Seattle,  Washington 

Local? 

OT 

OTZ 

0T~1 

File 


1 

1 


ON 

S«^'fWJSSM?Licri-  - 


Qf!A; 
2 


n 


APPENDIX  c 


J-.  >->  w  w 


i  yyres-„-,r 


/ 

C  i  %^< 


NPG  REPORT  NO.  9?6 


"Investment  Cast  Steel  Tube  for  Air 
Target  Guided  Missiles;  Fragmentation  Test  of 


P/fitik 

SYNOPSIS 


1.  This  test  was  conducted  to  determine  the  fragment  mass 
distribution  of  a  Composition  C-3  loaded  investment  cast  steel 
tube. 

2.  a.  Approximately  70 %  of  the  total  weight  of  the  warhead 
fragmented  into  fragments  weighing  more  than  5  grams  each. 

b.  The  fragment  mass  distribution  compared  favorably  with 
that  obtained  from  similar  steel  tubes  manufactured  by  other 
processes. 
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PART  B 


INTRODUCTION 


1.  AUTHORITY} 

This  test  was  authorized  bv  reference  (a)  and  conducted  under 
Task  Assignment  NPG-Re3f -607-1-52,  reference  (b) . 

2.  REFERENCES} 

a.  BUORD  Conf  ltr  NP9  Re3f-i*JHL:edb  Ser  12896  of  26  Sep  1951 

b.  BUORD  Conf  ltr  NP9  Re3f-EJKL*edb  Ser  25777  of  18  Sep  1951 

c.  NPG  Conf  Report  No.  705  of  16  Jan  1951 

d.  NPG  Conf  Report  No.  68 1  of  15  Nov  1950 

3.  BACKGROUND} 

In  the  development  of  varhead  cases  for  air  target  guided 
missiles,  an  investment  cast  steel  tube  v>as  manufactured.  The 
casting  of  steel  tubes  is  a  simple  and  expeditious  method  of 
manufacturing  warhead  cases. 

4.  OBJECT  OF  TEST} 


This  test  was  conducted  to  determine  the  fragment  mass 
distribution  of  a  Composition  C-3  loaded  investment  cast  steel 
tube , 


5.  PERIOD  OF  TEST} 

a.  Date  Project  Letter 

b.  Date  Necessary  Material  Received 

c.  Date  Commenced  Test 

d.  Test  Completed 


26  September  1951 
24  September  1951 
4  December  1951 
4  December  1951 
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PART  C 


DETAILS  OF  TEST 


6.  DESCRIPTION  OF  ITEM  UNDER  TEST  : 

From  an  investment  cast  steel  tube,  cylindrical,  4'.'6  outside 
diameter,  '.'45  wall  thickness,  9.25  long,  manufactured  by 
S.  D.  Hicks  and  Son  Co.,  a  2  1/2"  x  2  1/2"  section  from  one  end 
was  removed  for  physical  tests.  The  phvsical  properties  and 
chemical  analysis  of  this  tube  were  as  follows: 


Phvsical  Properties:  (Tests  conducted  at  NPG) 


Test 

No. 

Yield  Strength 
at  0.2$  offset 
. (psi) . . . 

Tensile 
Strength 
.  (psi) 

Elongation 
(#  in  4d) 

Reduction 
of  Area  ($) 

1 

28,000 

35,800 

2.7 

5.4 

2 

24,000 

33,100 

2.7 

6.5 

3 

22,500 

32,400 

4.0 

10.4 

Average 

24,800 

33,800 

3.1 

7.4 

Chemical  Properties:  (reported  in  reference 

(a)) 

C 

Si 

Mn 

.10 

•  39 

.69 

The  warhead  was  loaded 

with  Composition  C-3,  and  the  v eights 

wer ^  as 

follows: 

EffpJy. 

Comp.  C-3 

Total 

14.85  lbs. 

5.63  lbs. 

20.48  lbs. 
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7.  PROCEDURE: 

The  warhead  was  initiated  by  a  MK  44  auxiliarv  detonating 
fuze  tetryl  pellet  and  a  special  engineers  blasting  cap  in  a 
sawdust-filled  chamber.  After  the  detonation,  the  sav.dust  was 
sifted  and  the  fragments  recovered  bv  the  use  of  sieves  and  a 
magnetic  separator. 

8.  RESULTS  AND  DISCUSSION: 


The  detailed  mass  distribution  data  are  listed  in  Table  I 
and  the  fragments  are  shown  in  Figure  2.  The  number  of  fragments 
in  the  various  weight  groups  are  summarized  as  follows: 


Wt.  Group 

No. 

Wt .  of  % 

5  of  Total 

(grams) 

Fragments 

Fragments  (gm.) 

Weight 

40-80 

7 

330 

5 

20-40 

57 

1582 

24 

10-20 

124 

1506 

23 

5-10 

174 

1185 

18 

2  1/2-5 

217 

732 

11 

11/4-2  1/2 

341 

596 

9 

5/8  -  1  1/4 

356 

308 

4 

0  -  5/8 

— - 

385 

6 

Approximately  70% 

of  the  tot a 

1  warhead  weight  fragmented  into 

fragments  which  were  greater 

than  5  grams  in  weight. 

Comparing 

the  fragment  sizes  with  those 

recovered  from  similar 

size 

warheads  manufactured  bv  processes  other  than  casting,  refer¬ 
ences  (c)  and  (d),  indicate  that  the  casting  of  cases  rr.av  be  a 
satisfactory  method  for  producing  warheads.  It  should  be  noted, 
however,  that  the  results  reported  in  references  (c)  and  (d)  are 
for  warheads  with  substantially  thinner  walls,  so  that  no  exact 
comparison  can  be  made. 


CONFIDENTIAL 

SECURITY  INFORMATION  5 


NPG  REPORT  NO.  956 


Investment  Cast  Steel  Tube  for  Air 
Target  Guided  Missiles;  Fragmentation  Test  of 


9»  a.  Approximately  1%  of  the  total  weight  of  the  warhead 
fragmented  into  fragments  weighing  more  than  5  grams  each. 

b.  The  fragment  mass  distribution  compared  favorably  vith 
that  obtained  from  similar  steel  tubes  manufactured  bv  other 
processes. 
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The  tests  upon  v.hich  this  report  is  based  v*ere  conducted  bv: 
V.  PK1LIPCKUK,  Fragmentation  Batterv  Officer, 
Fragmentation  Division, 

Terminal  Ballistics  Department 
H.  £.  ROMINE,  Head,  Metallurgy  Division, 

Terminal  Ballistics  Department 

This  report  was  prepared  by: 

V.  PKILIPCKHK,  Fragmentation  Batterv  Officer, 
Fragmentation  Division, 

Terminal  Ballistics  Department 

This  report  was  reviewed  bv: 

R.  F.  LYDDANE,  Director  of  Research 

Terminal  Ballistics  Department 
V/.  B.  ROBERTSON,  Lieutenant  Commander,  USN 

Terminal  Ballistics  Batteries  Officer 
Terminal  Eallistics  Department 
R.  T.  RUBLE,  Lieutenant  Commander,  USN 

Terminal  Ballistics  Officer 
Terminal  Ballistics  Department 
C.  C.  BRAMBLE,  Director  of  Research,  Ordnance  Group 


APPROVED:  IRVING  T.  DUKE 
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Captain,  USN 
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